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D3 Motivation: ‘Electroweak Studies

e Probe of the Electroweak sector of the SM at the Tevatron

e Deviations in production rate or event

i . B . M-.(e,,v) = 74.7 GeV/c*
kinematics would indicate new physics 1(€5:V)

M(e,.e;) = 93.6 GeV/c?

° Currently all diboson measurement qre | EEEen B [Run_ 89512 Event  23020[26-MR-1995 2254

in fully leptonic final states mc s s .
« WW—lvlv \\ ' i

~ DZero ~1.0/fb: o(WW)=123+2.0pb
» CDF ~0.83/fb: o(WW)=13.6+3.1 pb €2
> SM prediction: o(WW)=12.4+0.8 pb | T
e WZ-Ivl NG =S /e,
~ DZero ~1.0/fb:  o(WZ)=2.7""" , pb
~ CDF ~1.9/fb: o(WZ)=43"" pb
> SM prediction: o(WZ)=3.7+0.3 pb

= T b

et

= WW/WZ—-Ilvgq complimentary to fully leptonic measurements
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DO Motivation: Higgs Searches

e H—WW is the dominant decay mode
for a high mass Higgs (my; > 135 GeV/c?)
+ Drives current exclusion limits
+ Direct diboson production

1s the single most important background
+ Important to understand this contribution

H—-X Decay Modes

wod  Tevatron
Wiy Exclusion

Branching ratio
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DO Motivation: Higgs Searches

e H—WW is the dominant decay mode
for a high mass Higgs (my; > 135 GeV/c?)

* Drives current exclusion limits
+ Direct diboson production

1s the single most important background
+ Important to understand this contribution

e WH—Ivbb i1s a promising search mode
for low mass Higgs (m; < 135 GeV/c?)

+ Similar topology/final state to WW/WZ—lvqq
+ Similar challenges
> Small signal in a large background:
WW/WZ—lvgqg B/S ~ 35, WH—Ivbb B/S = 90
+ Similar analysis techniques
» Multivariate classifiers, statistical treatment

= WW/WZ—-lvqggq i1s a proving ground for Higgs search
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Apparatus
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The Tevatron

~Tevatron

r__ i

Debunch
Aqgumu ator
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The DO Q)etector
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D5 siadron Collisions and Coordinate S ystemn

e Momentum of colliding protons and antiprotons divided among partons
+ Detector is not the zero-momentum-frame

——

Riursy
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D5 siadron Collisions and Coordinate S ystemn

e Momentum of colliding protons and antiprotons divided among partons

+ Detector 1s not the zero-momentum-frame
» Total transverse
momentum 1S Zero

> pX = O, py = O
~ Total longitudinal
momentum is unknown o
Z g —U
d:’
g l_l SS
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D5 sfadron Collisions and Coordinate S ystem

e Momentum of colliding protons and antiprotons divided among partons

+ Detector is not the zero-momentum-frame

» Total transverse
momentum 1S Zero
~Pp,=0,p, =0

> Total longitudinal
momentum is unknown
~p, ="

+ Convenient to use
pseudorapidity n instead
of polar angle 0
»n = - In[ tan(6/2) ]
~ Approaches Lorentz

invariant rapidity
for E>m

z=0m im
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The DO Detector: A Schematic View

Muon System

Coarse Hadronic

Fine Hadronic

Electromagnetic

Solenoid
Central Fiber Tracker
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FElectrons

Muon System
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Muon System

Coarse Hadronic

Large Shower in EM ine Hadronic

and Hadronic Calorimeter :
lectromagnetic

Solenoid
Central Fiber Tracker
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- Track in Muon System Muon System
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Neutrinos

Muon System

Undetected

D Missing Transverse Momentum
(a.k.a. “Missing E”)
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Electromagnetic
Solenoid

Central Fiber Tracker
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Trigger and DAQ.

Detector

v 1.7 MHz
Level 1

v ~1 kHz
Level 2

¥ ~600 Hz
Level 3

¥ -~100 Hz

Tape/Storage
n

\

Analysis Selection
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DO My Contributions to the Trigger

e Level 2 EM trigger upgrade for Run IIb 3%3
+ Needed to improve rejection to keep up with increased - 2><J3L

luminosity and improved Level 1 trigger
+ Constructed a Level 2 EM likelihood variable

)

> Four inputs: EM Er seed EM Er 3x3
TOT Er seed TOT Er 3%3
EM Er neighbor EM E: seed neighbor
EM Er seed EM Er 3x3
After 19 GeV Level 1 EM trlgger
» Factor of ~3 background P OTTTWRESRLL T | | |
rejection with signal S 056
efficiency near 99% E - \i‘
> In some case, ~30% more ;g 1 L IS T
. ) ~ 097HL2ET>19 L SO, VO SR 5. % 091 19
rejection than Level 2 = H —— likelinood e

: : ; | —— ikelihood, L2ET <22 |
1solation variable 0_95; =) is;;uZ: TR SRR SR WS S,

- isolation, L2ET < 22
0.95 ool w] g eg L ey |

1 12 14 16 18 2 22 24 25 28 3
L2 event rejection
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Samples and
Fvent Selection
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o Data Sample

e Dataset: Run Ila of the Tevatron (2002 — 2006)

6.5

/

5.5

6.39 fb"
50 | This analysis: ) //

1.1 fb! for each channel
y /r

4.0

3.5 | Run IIb Upgrade |

ANAN
f—uh\
2
=y

/]
3.0 71
25 / /

ol | Average data taking ) %
wi—| efficiency 85 - 90% | =

1.0 ,/ — Delivered

Luminosity (/fb)

~N

— Recorded

0.5 —
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D& SM Expectation

e Simulated Samples
+ Monte Carlo generators simulate the SM prediction for signal and
backgrounds with real high p leptons

~ ALPGEN+Pythia: W+jet, Z+jets, tt+jets
~ COMPHEP+Pythia:  Single-top
~ Pythia: Diboson Signal

e Multijjet Estimation
+ Events without a real high p lepton

+ Probability for a jet to mimic a lepton is very small, but QCD processes have
very large cross sections

+ Estimated from data using orthogonal selection

+ Corrected for contributions from samples modeled with MC
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e Note on WW vs. WZ

e WW and WZ treated as the same signal
» Difference in mass of ~10 GeV/c’
+ Dijet mass resolution ~ 20 GeV/c’

o Relative contributions
s WW(WZ)—lvgqg oxBR = 3.5(0.5) pb

2 0.25 > =
© - — WW o 70
) B - - — WW
=02 = 60
- L — w ~ —
% n [ Wz E 50 WZ
< 015 B = =
2 n B 40
2 . | -
&~ 01 — : : 30 : :
- (simulation) - (simulation)
B 20
0.05— -
. 10E-
C | | 1 | | 1 | | | | | | | . ; ; ; : L —!_!_!_:_?_,_!_'— ) ; "
% 50 100 150 200 250 300 % 50 100 150 200 250 300
Dijet Mass (GeV) Dijet Mass (GeV)
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FEvent Selection

v = ET

Beam perpendicular to page

-
|
=,

Muon
Detectors

i’ Tracker
- \ Hadronic
Calorimeter

Electromagnetic
Calorimeter
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Fvent Selection
e W— [v Selection

+ Electron: + Muon:

- pr 220 GeV/e, Inl < 1.1 OR ~Pr=220GeV/c, Inl<2.0

> Isolated track and EM shower > Hits in all three muons layers

~ Electron shower shape requirements ~ Isolated in tracker and calorimeter

| X w +

v = Eg et v => ET /I/h H

Muon
\Detectors
Tracker
\ Hadronic

Calorimeter

Electromagnetic
Calorimeter
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Foent Selection
e W— Ilv Selectton
~+ Electron: ~+ Muon:
> pr220GeVic, Inl< 1.1 OR " Pr >20 GeV/e, Inl < 2.0
> Isolated track and EM shower > Hits in all three muons layers
» tEl?ﬁctmnfffsthW@rffshap@rs?qm@m?ntsm » ilselat?dmmﬁtraqkﬁrﬁfafndﬁ@alqnmﬁtﬁﬁrﬁ
- x - M
MIon

\Detectors
Tracker
N W \ Hadronic

Calorimeter

+ Neutrino = Missing E =2 20 GeV

+ Transverse W mass > 35 GeV/c’ Electromagnetic
« Remove events with more than one charged lepton ~ Calerimeter

Joseph G. Haley 25 Princeton University @



D FEvent Selection

e W/Z—qq Selection
+ At least two jets with radius R = 0.5 (cone algorithm) R = \/ (Ap + An)
+ Leading jet: pp =2 30 GeV/c, Inl 2.5

+ Second jet: p; =20 GeV/c, Inl < 2.5

L ow
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L ¥ FEvent Selection

e W/Z—qq Selection
+ At least two jets with radius R = 0.5 (cone algorithm) R = \/ (Ap + An)
+ Leading jet: pp =2 30 GeV/c, Inl 2.5

+ Second jet: p; =20 GeV/c, Inl < 2.5

: Selected Events
Source evqq uvqq
Diboson 360.5 + 2.3 427.3 £ 2.7
W+jets 10226 £+ 76 12012 £+ 88
Z+jets 408 £+ 13 1239 £+ 20

. Top 463.3 + 2.2 437.0 + 2.2

= Multijet 825 + 11 327.0 + 9.6

— Total Predicted 12283 + 78 14442 + 91
Data 12473 + 112 14392 £+ 120
S/\VS+ B 3.25 3.56
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FEvent Selection

E PO o, L1 b + Data
o 4000 | M Diboson Signal
'g 3500 O Wets
E 3000 [JZ+jets
2500 B Top
[IMultijet

140

4000

% U Dy, 1.1 fi5t + Data
E 3500F | M Diboson Signal
2 30000 | B W+ets
E 25005_ | [(Z+ets
£ I B Top
2000 | [ ]Multijet
1500 I
1000 ;_ I
500
00 20 40 60 80 100 120 140 160 180 260
I Transverse W Mass (GeV)
-

Events/5 GeV

D@il.lfb’1

~+ Data

M Diboson Signal
O W-ets
[JZ+ets

M Top

[ IMultijet

80 100 120 I 60 80 100 120 140
Lepton p_(GeV) % MET (GeV)
N
- i i +D E*
() I D@, 1.11b ata —
E 5000: [l Diboson Signal - EIOOOO_ D@, 1.1 fb' + Data
E o, f I W+ets / q O L B Diboson Signal
= 4000 . ‘] % 8000~ O W+ets
2 C [ Z+ets =2 C H
. - M Top 2 r [JZ+jets
3000F M 6000 T
: [Multijet % 3500F D@, 1.1 " + Data - op
2000 g 3000 E_ M Diboson Signal a CIMultijet
- 3 F [ W+ets 40001
1000F £ 2500F [ Z+ets L
C > - 2000
: | = 2000 WTop .
% 20740 60 80 100 120 14D 160 180 200 E CIMultijet ol . leeiaioles
I Leading Jet p_(GeV) 1500¢ 0 60 80 100 120 140
1000;_ Second Leading Jet p,_(GeV)
500F-
50 100 150 200 250 300
Dijet Mass (GeV)
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Monte Carlo Corrections
and Systematic Uncertainties
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DO Modeling of Multiple Parton Interactions

e ALPGEN+Pythia MC generated with too many jets from multiple parton

interactions (MPI)

+ Jets from more than one interaction in the proton-antiproton collision
~ Result in two jets that are back-to-back in ¢
> Mainly affects W40 jet and W+1 jet events = too many pass the selection

+ X* fit to data showed the number of selected MPI jets should be 80% less

Before correction After removing 80% of MPI jets

= Data

900§ I Di-Boson +

800 |w+op

7005 | w>=1Jets
L] Z+Jets

600 | t-toar

5003_ [ Single-Top
= [ Muljet

05 1 15 2 25 3
A¢(J1,]2)
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DO ALPGEN WH+jets Modeling

e Selected sample 1s dominated by W+jets background

+ WHjets 1s ~30 times larger than the signal! q q
* Must accurately model W+jets at the percent level - q
g
e Potential problems with modeling of W+jets
q wiz

+ Angles
~ Jet n and AR between jets is not modeled well by ALPGEN
~ To correct these differences we re-weight the MC to agree with data
+ Energies
~ ALPGEN does a fairly good job of modeling energies, however, energy distributions
can be affected by ALPGEN generator and matching parameters
~ Studied the effects of these parameters to determine the uncertainty from these
parameters
~ Determine best values for agreement with data
+ Cross section
~ The W+jets cross section 1s unconstrained when measuring diboson cross section
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DO arpgen Modeling: Angular Corrections

leading jet n second jet n AR(j,))
900 Dala 800~ F
- ot 7000 199%
=, =
Poor agreement before: sta- 12000
g 4005 10005
3 300~ 800}
2 100;* 200"
Re-weight W+jets MC by 32 o W I P
a function fit to: 24 24 2
. 221 2.2 18-
Data _ (nOn W+Jets MC) 1-:;: ¥ I ndf 53.23/45 | 1:; ¥2 1 ndf 38.19/46 16;7 x2!nd1 40.72 /43 ‘
. E po 0.9214 % 0.0157 : = po 0.8801 0.0160 1.4F PO 0.8068 + 0.0338
W+Jets MC :27 P! D.0BBD5:* 000968 127 Pl D.08725+0.00894 1_22_ Pl 00754+ 0.0133 H
. . 12F 1.2 1
(Include uncertainty on fit from 3 ‘ ME { ‘
; ; : 3 s 0.6
varying the signal cross section ¢ SURTVR [ L 0 RIS |V (700 N |
from 0-2 X the SM prediction)
800- 7005 1+
7005 600~
6""; 500;
Improved agreement after: o a00;
300%— 300;
2000 200-
1005— 100;

1 2 3 4

T3 5 6
n(jet2) AR(j1,j2)
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DS arpgen Modeling: Generator Parameters

e After correcting large angular discrepancies we can look at the smaller effects

from ALPGEN generator and matching parameters
Qfac: Multiplies renormalization scale (Q-scale) by this factor
Ktfac: Multiplies parton kt scale (a.k.a. kperp or k) by this factor

*

*

*

RClus: Radius for clusters used in ALPGEN parton-jet multiplicity matching
EtClus: E threshold for clusters used in parton-jet matching

*

> ALPGEN parton-jet matching required to keep from double counting events
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DS arpgen Modeling: Generator Parameters

e After correcting large angular discrepancies we can look at the smaller effects

from ALPGEN generator and matching parameters
Qfac: Multiplies renormalization scale (Q-scale) by this factor
Ktfac: Multiplies parton kt scale (a.k.a. kperp or k) by this factor

*

*

*

RClus: Radius for clusters used in ALPGEN parton-jet multiplicity matching
EtClus: E threshold for clusters used in parton-jet matching

*

> ALPGEN parton-jet matching required to keep from double counting events

e Remove signal events (55 GeV/c* < m; < 110 Gev/c?)
e Use p of leading jet and recoiling W—lv to

determine parameter values that best model data :;"J
+ Measure change in X between data and MC as the MC  ° _E""”"‘“
shape 1s morphed by varying these ALPGEN parameters \ \!\,—6//
> Minimum X” tells the parameter value that best models data
- AX* =1 tells the for the parameter o+

8 10 12 14 18

EtClus
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DS arpgen Modeling: Generator Parameters

e After correcting large angular discrepancies we can look at the smaller effects

from ALPGEN generator and matching parameters
Qfac: Multiplies renormalization scale (Q-scale) by this factor
Ktfac: Multiplies parton kt scale (a.k.a. kperp or k) by this factor

*

*

*

RClus: Radius for clusters used in ALPGEN parton-jet multiplicity matching
EtClus: E threshold for clusters used in parton-jet matching

*

> ALPGEN parton-jet matching required to keep from double counting events

e Remove signal events (55 GeV/c* < m; < 110 Gev/c?)
e Use p of leading jet and recoiling W—lv to

- DO default
determine parameter values that best model data I _;"J

+ Measure change in X* between data and MC as the MC —EM+MU

shape 1s morphed by varying these ALPGEN parameters \
> Minimum X” tells the parameter value that best models data
- AX* =1 tells the for the parameter '

e Data modeled best with EtClus = 13.2 GeV — : J
+ ALPGEN authors recommend 13 GeV EtCluS

O
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Diboson NLO Correction

e Diboson signal generated at leading order
+ Use MC@NLO generator to correct signal MC to next-to-leading order
> Generator level using a two dimensional re-weighting

0.18
0.16
0.14
0.12

0.1
0.08
0.06
0.04
0.02

00 20 40 60 80 100 120 140 160 180 200

0.14f

0.12

0.1

0.08

0.06}
0.04}
0.02

Pythia “out of the box”

— Pythia

+MC@NLO

p.(V1+V2)

— Pythia
<+ MC@NLO

110 12
AR(V1,V2)

—- 0-06]

Pythia after NLO correction

0.12

— Pythia
+ MC@NLO

0.1

0.08[

0.04f

0.02

00 20 40 60 80 100 120 140 160 180 200
p.(V1+V2)

— Pythia
+ MC@NLO

8 1ID 12
AR(V1,V2)
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D5 Other Corrections

e Efficiency, reconstruction, resolution differences between data and MC
+ Trigger Efficiencies
~ Data must pass the trigger to be selected = apply these efficiencies to the MC
+ Jet (Lepton) Energy Scale, Energy Resolution, and Identification
~ MC does not do a perfect job of modeling detector response to jets (and to a much
lesser extent, leptons) = correct energies and apply data/MC scale factors
+ Instantaneous Luminosity Profile
~ MC overlayed with zero-bias data to account for other activity in the detector
> Luminosity profile for zero-bias not the same as for the data = re-weight MC events
to have the same profile
+ z Position of Primary Vertex
= Slightly non-Gaussian in data = re-weight MC to match
+ Muon Track Efficiency
~ Poor MC modeling of muon track with low curvature significance
= remove these events

e = In total, 28 independent systematic uncertainties
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Multivariate Discrimination
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D Multivariate Discrimination

e Use a multivariate classifier to improve separation of signal and
background

+ Many options: Neural Networks, Decision Trees, Matrix Elements Method, etc.
+ Random Forest classifier powerful and robust
» Similar technology as boosted decision trees used in single-top analyises

e From the outside (black box), the Random Forest works similar to other

multivariate classifiers
+ Trained by feeding it events of

know origin (signal and background)

Random Forest
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Multivariate Discrimination

e Use a multivariate classifier to improve separation of signal and

background

+ Many options: Neural Networks, Decision Trees, Matrix Elements Method, etc.

+ Random Forest classifier powerful and robust

» Similar technology as boosted decision trees used in single-top analyises
e From the outside (black box), the Random Forest works similar to other

multivariate classifiers
+ Trained by feeding it events of
know origin (signal and background)

+ Use trained Random Forest to evaluate
new events and determine the likelihood
that they are signal events

> RdﬂdOl.ﬂ Forest
(trained)

background events

0.1

0.08

0.06

0.04

002

Random Forest

raining..

Electron + Jets Channel

u.1z§— o JSignal
- —background

-+

—_— -

TR s e — — 1
8 1
8Iassifier Output
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e Inside the Random Forest

/-—* A “forest” of many decision tree classifiers I

e Each tree 1s independent of the other trees

+ Each uses a random subset of input variables
» Allows each tree to focus on a different subset of
kinematics and correlations

+ Each 1s trained with a random subset of training events
~ Provides protection against over-training and high-weight events
e The Random Forest output averages the output from all the trees
+ Fluctuations and over-training that occur for a single decision tree are reduced
because each tree will fluctuate differently
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D Multivariate Discrimination

e Choosing input variables to the Random Forest
+ Variables that are well modeled by the MC
~ X* probability between data and MC greater than 5%

+ Variables that differ between signal and at least one background
~ However, well-modeled uninformative variables will not degrade performance

= Came up with 13 input variables

..2. 0.1 4:_ ) -'g' - — Di-Boson
$0.12— J 9 0'35_ WaJets
w C I.IJ025—_ Z+lets
0.1- ] oL Top
0.08 0.25—
0.06- 0.15F
0.04 01"
0.02 0.051
:.. .|‘..|...|.._ —TET_ T T e
00 0.2 0.4 0.6 0.8 ) 1 250 301 00 20 40 60 80 100 120 140
centrality M(dijet) p.(jet2)
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Multivariate Discrimination

e Qutput from the Random Forest

+ Discriminating variable with improved signal and background separation
evqgq channel

2 [ —Diboson Signal 3 D@, 1.1 fb" + Data 3 + Data
S o2 Wai e M Diboson Signal| M Diboson Signal
o — 1s 3 - E -
E ob- e N 5 [ Wets 5 [ Wets
E g +F +~ i [1Z+jets 3 [ ]ZA+jets
S 008 + s - [l Top W Top
- o - I Multijet [ Multijet
0.06]- e N
-
- -+ — —+a
0.04 n _—I—-.- e
u T -
0.2 o — -~ -
L= 1 Ly L T
% 0.2 0.4 0.6 0.8 L 01 02 03 04 05 06 07 08 09 1 0.6 065 07 075 0.8 085 09 095 1
Electron+Jets RF Output Electron+Jets RF Output Electron+Jets RF Output
§_ - — Diboson Signal 2 D@, 1.1 f! 4 Data 3 ~+-Data
~ 012 . e M Diboson Signal| [l Diboson Signal
g p TV - £ I Wtets g I Wets
§ F +4 . + s [ ]Z+ets 2 [ ]Z+jets
S 0.08 o+ - W Top W Top
A : + - | Multijet [ Multijet
0.06— -, =+
r - - -
I _._-l-\....-l-_._
0.04F P -
002 T o~ - -
L— . I IR |_._—___L
) 0.2 0.4 0.6 0.8 1 01 02 03 04 05 06 07 08 09 1 06 065 07 075 08 085 09 095 1
Muon+Jets RF Output Muon+Jets RT Output Muon+Jets RF Output
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The Measurement
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e Cross Section Measurement

e Perform “best fit” of distributions for signal and each background to the data

+ Predicted number of events, p., varied within the systematic uncertainties o
Negys ’

p; = pi H (1 + Ryog,i)

k

+ Minimizes the negative-log-likelihood between data and prediction

i?""'rlr) ins ! j\rsys
¢ I ! p?, 2
NLL=-2InL =2 % [pz- —d; —d;1n (d:.;)] + E (Rk)

k
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e Cross Section Measurement

e Perform “best fit” of distributions for signal and each background to the data

+ Predicted number of events, p;, varied within the systematic uncertainties o, ,
1\"3}’5

p; = pi H (1 + Ryog,i)

k

+ Minimizes the negative—log—likelihood between data and prediction

(" Nbins Nsys
NL-L:—anﬁ—ZZ [pz d-ln( )D Z Ry) J

* Gaussian prior
constraint for systematics

Ratio of Poisson likelihoods
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e Cross Section Measurement

e Perform “best fit” of distributions for signal and each background to the data

+ Predicted number of events, p;, varied within the systematic uncertainties o, ,
1\"3}’5

p; = pi H (1 + Ryog,i)

k

+ Minimizes the negative—log—likelihood between data and prediction

T\'blns ! '3}’5
{ B P;
NLL = —-2InL =2 E [pZ —d; In (cﬁ)] E Rk

* Gaussian prior
constraint for systematics

Ratio of Poisson likelihoods

+ Systematics “floated” by removing the (R,)” term = free fit parameters

> Float W+jets normalization = determined by sideband regions
~ Float signal cross section = fit the excess (over background) that is consistent with
kinematics of WW and WZ production
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e Cross Section Measurement

e Measured cross section using the dijet mass
= g(WW+WZ) = 18.5 + 2.8(stat) + 4.9(syst) + 1.1(lumi) pb

(SM prediction: c(WW+WZ) = 16.1 £ 0.9 pb)

Dijet mass after best-fit using the dijet mass

E g D@, 1.1 f&' -+ Data E 300; D@, L.1 6! —+ Data - Background
S 3000~ B Diboson Signal S ] [l Diboson Signal
P 2500 -W"_'Jets > 200 — +1 s.d. on Background
= - [ | Z+jets ‘OE)
5 2000F Bl Top ke
- [ | Multijet C
1500 -
- ule”
1000 S|\ 2f %% Prob = 0.56
- =@
500F SE ©
o Loy T m_2-....|....|....|....|....|....
00 50 100 150 200 250 300 0 50 100 150 200 250 300
Dijet Mass (GeV) Dijet Mass (GeV)
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e Cross Section Measurement

e Measured cross section using the dijet mass
= g(WW+WZ) = 18.5 + 2.8(stat) + 4.9(syst) + 1.1(lumi) pb

e Measured cross section using the Random Forest
= o(WW+WZ) = 20.2 £ 2.5(stat) = 3.6(syst) = 1.2(lumi) pb
(SM prediction: c(WW+WZ) = 16.1 £ 0.9 pb)

Random Forest after best-fit using the Random Forest

:cgr. 3000F p@, 1.1 £t +-Data S o0l DE, 11 ! ~+-Data - Background
~ 2500'_ Il Diboson Signal 2 - [l Diboson Signal
5 ] Wets g —+1 s.d. on Background
A 2000 E%ﬂets 5 200 + +
op +
1500 [ |Multijet

1000 ol . i ITETEIN AN I A AT A
o 2 Prob = 0.78
| a-, ¥4

500 2 A L~ [
MmO o -—— — I_I =
Q|

e v Py Ty - E E iy ) SEEE N I
0 01 02 03 04 05 06 07 08 09 1 Al« 0 01 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
RF Output RF Output
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Significance

* Estimation of significance

® Frequentist approach: count fraction of out-
comes for which the background-only scenario
yields a measured cross section as large as we

observe (or expect)

* Generate pseudo-data for background-only scenario
» randomly sample the systematics from their priors,
then drawing Poisson trials for each bin

+ Fit the background-only pseudo-data outcomes in
the same was as real data

= Expected significance: 3.60 (p-value = 1.5-107)
= Observed significance: 4.40 (p-value =5 410

Compatibility with the SM

® Same approach as calculating the signific-
ance, except with pseudo-data for the
signal+background scenario

= (0.830 above SM prediction

EM+MU Channels Combined

0
E 3_ Zero Signal Pseudo-Experiments
£ 10&; Mean: 1.7 pb, RMS: 2.40 pb
: i)
N -
b -
s 10°E Expected p-Value: 0.000147
v s N- o: 3.62
2 10°F
0 E
o u
# 10°F Observed p-Value: 0.000005
- N-o:4.4
10
L P O P I B
0 10 20 30 40 50
Fitted Cross Section (pb)
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@ 3000~
5 - SM Signal Pseudo-Experiments
E 2500 Mean: 16.1 pb, RMS: 4.26 pb
g
o C
I.IIJ"!(IICIO_—
s
5 1500—
T
o L
1 1000
N Observed p-Value: 0.201565
500:_ N-c: 0.83
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Significance

* Estimation of significance

® Frequentist approach: count fraction of out-
comes for which the background-only scenario
yields a measured cross section as large as we

observe (or expect)

* Generate pseudo-data for background-only scenario
» randomly sample the systematics from their priors,
then drawing Poisson trials for each bin

+ Fit the background-only pseudo-data outcomes in
the same was as real data

= Expected significance: 3.60 (p-value = 1.5-107)
= Observed significance: 4.40 (p-value =5 410

* Significance using only dijet mass:
= Expected significance: 2.90 (p-value = 1.7-10™)
= Observed significance: 3.30 (p-value = 4.4-10)

# Pseudo-Experiments

# Pseudo-Experiments

EM+MU Channels Combined

3_ Zero Signal Pseudo-Experiments
10° Mean: 1.7 pb, RMS: 2.40 pb
10°F
10°E Expected p-Value: 0.000147

- N- o: 3.62
10°F
10°F Observed p-Value: 0.000005

- N-o:4.4
10

L P O P I B
0 10 20 30 40 50
Fitted Cross Section (pb)
EM+MU Channels Combined
Zero Signal Pseudo-Experiments
10° Mean: 1.7 pb, RMS: 2.97 pb
10°
10 Expected p-Value: 0.0017
16° N-o:2.9
102 Observed p-Value: 0.00044
N- o: 3.3
10
1...I...I....I....I....I....
0 10 20 30 40 50

Fitted Cross Section (pb)
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DO Summary

L FII’ St S@Hli-l@ptOIliC dibOSOH Te'o.fatron_Hun I! Bosoln Mea.suren'_lents NE:LSE TeV

measurement at hadron collider % ol e . W SM Predicrion
. c(pp-WW+WZ)=202+45pb £ | ) ol L
+ Observed significance: 4.40 ‘fj; 10} . BEFLEEH
+ Accepted by PRL 3/25/09 £ ol L. .. é L
e Only benchmark for low mass o .
Tevatron Higgs analyses ; f =

+ First hadronic W mass outside -_ 1_‘ H H

L}
of top quark events :
° . M b 10—1 |
Direct constraint on dominant W(M zmj w?f*’m m,” ww% aw“?mf iy, Wi %,,%5_
H—WW background

) . ) Process (Decay)
e Complimentary to and consistent with fully

leptonic measurements
+ And more precise than previous leptonic measurements
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+ Accepted by PRL 3/25/09 £ ol L. .. é L
e Only benchmark for low mass o .
Tevatron Higgs analyses ; f =

+ First hadronic W mass outside -_ 1_‘ H H

L}
of top quark events :
° . M b 10—1 |
Direct constraint on dominant W(M zmj w?f*’m m,” ww% aw“?mf iy, Wi %,,%5_
H—WW background

) . ) Process (Decay)
e Complimentary to and consistent with fully

leptonic measurements
+ And more precise than previous leptonic measurements

...what's next?
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DO Continuing Work_

e Limits on Anomalous Couplings
+ Compare the dijet p (most sensitive variable)

between data and the predictions for different
anomalous couplings
> Results soon!

e Updating measurement to full Run II dataset (>4 fb™)
> Should achieve >50 significance = observation
- Better (best Tevatron) limits on anomalous couplings

e Measure Z—bb Resonance
+ Apply b-tagging and measure contribution from only WZ—Ivbb
+ Also need to add ZZ—I[lbb channels
~ Expect sensitivity around 3o
+ Analysis identical to WH—Ivbb and ZH—IIbb, but 4 x more signal
> Would be the first evidence of a bb resonance at the Tevatron
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thank you
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DO Comparison of Measurements

® Measuring WW+WZ cross section

¢ Using the dijet mass:

o(WW+WZ) = 18.5 + 2.8(stat) + 4.9(syst) £ 1.1(lumi) pb

¢ Using the random forest:

o(WW+WZ) =20.2 £ 2.5(stat) £ 3.6(syst) £ 1.2(lumi) pb

e Significance
¢ Using the dijet mass:
Expected =2.90

Dijet mass distribution
after best-fit of Random Forest

> B |
Observed = 3.30 & ssof DO LI + Data - Background
. S 300 B Diboson Signal
¢ USlng the random forest: 2 250F <‘> — =1 s.d. on Background
=k
Expected = 3.60 2 2000
150
Observed =4.40 Look
50
50F
0730 To0 150200 250 300
Dijet Mass (GeV)
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Summary of Systematics

Percent change from nominal distribution for Randon Forest distribution.

Source of systematic Diboson =~ Wjets  Z+jets  Top  Multijet Nature
uncertamty
Trigger efficiency, evqgqg +2/-3 +2/-3 +2/-3  42/-3 N
Trigger efficiency, prqq +0/-5 +0/-5 +0/-5  40/-5 S
Lepton identification +4 +4 +4 +4 N
Jet identification +1 +1 +1 + <1 S
—»| Jet energy scale +4 +9 +9 +4 S
Jet energy resolution +3 +4 +4 +4 N
Cross section 420 +6 410 N
Heavy flavor jet contribution +20 N
Diboson NLO correction +10 S
PDF set +1 +1 +1 +1 S
ALPGEN jet 1 and _ ,
AR corrections + + 5
R.enorn-la.hz'ﬁa.tlon and 1 1q g
factorization scale
— ALP(J‘EI?I parton-jet 1y 1y g
matching parameters
Multijet normalization, evqq +20 N
Multijet normalization, purqq +30 N
Multijet shape, ergq +6 S
Multijet shape, prqq +10 S
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Summary of Systematics

Contribution of each systematic to the total systematic uncertainty
of 3.6 pb on measured cross section using the Random Forest classifier.

Source of systematic uncertainty

Ao [pb]

Trigger efliciency, erqq

Trigger efficiency. prqq

Lepton identification

Jet identification

Jet energy scale

Jet energy resolution

Cross section

Heavy flavor jet contribution

Diboson NLO correction

PDF set

ALPGEN jet n and AR corrections
Renormalization and factorization scale
ALPGEN parton-jet matching parameters
Multijet normalization, erqqg

Multijet normalization, prqq

Multijet shape, ergqg

Multijet shape, purqg

< 0.1
< 0.1
< 0.1
0.3
1.9
< 0.1
1.1
< 0.1
< 0.1
0.2
< 0.1
0.9
2.4
0.9
0.5
< 0.1
< 0.1
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DO MakKing the Measurement

e Now that an adequate MC description of

the data has been established
+ The random forest classifier should provide

improved separation of signal events
~ Improved signal significance compared to
individual variables, such as dijet mass

e The next step 1s to extract the signal
+ Cross section
~ Measure excess over background that is
consistent with diboson production
+ Significance
~ Determine the probability the measured signal 1s
really just a fluctuation in the background
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Decision Tree Classifier

Training events

e Decision tree is trained/grown using a set of
known signal and background training events
= These events go into the root node/'

e Algorithm looks at all possible splits on all oppire. ¢T3l
input variables and applies split giving best __—»
separation between signal and background
(using Gini index)

* Events pass to one of two child nodes
depending on whether they pass of fw‘

* This process is repeated for each child
node until @ ‘ ‘

+ a node contains all or no signal events D
®

+ the number of events per node is less than
a some specified amount (must be optimized
for each analysis) 18
O

e Qutput for an unknown event is determined

by the signal purity of theterminal node
that the event ends up inei\‘..
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Random Forest Classifier

TRAINING SAMPLE

N events with m input variables:

I=(x{.....£m)

BOOTSTRAP SAMPLE 1

* N events selected at random and wi
replacement for training sample

P Using a subset of input variables
selected at random from all m variable Using a subset of input variables

I

BOOTSTRAP SAMPLE 2 p N events selected at random and with

N events selected at random and witfeplacement for training sample
eplacement for training sample P Usinga subset of input variables
selected at random from all m variables

BOOTSTRAP SAMPLE 2

elected at random from all m variables |
| |
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DO arp6en Modeling: Generator Parameters

N gt

qfac o © ktfac | | " RClus
» Best values for gfac, ktfac, and RClus are consistent .
with default values used by DO * |DO0 default —a
— EM+MU

e EtClus models the data best for a value of 13.2 GeV 0
+ Value recommended by Alpgen authors 1s 13 GeV '
= Re-weight Alpgen V+jets MC to EtClus = 13.2 GeV

18

EtClus
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DO ﬂlm’gfﬁ\[ .‘Moc[e[mg genemtor Parameters

afac

e Best values for gfac, ktfac, and RClus are consistent
with default values used by DO

e EtClus models the data best for a value of 13.2 GeV

+ Value recommended by Alpgen authors 1s 13 GeV
= Re-weight Alpgen V+jets MC to EtClus =13.2 GeV

<J Z

e Dijet mass shows similar
behavior for EtClus =%
(and other parameters)

—EM
— MU
— EM+MU

Wz

[+]
1
2
af
F
5
6

ktfac

EtClus

DO default

— EM
— MU
— EM+MU

EtClus

18
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D5 The DO Collaboration

| = [
] -—I—,..._-II -I-.--°

;e g ¥

(:ollaboratlon
90 Instltutlons 554 801entlsts

El*l l“*l-"'ﬁ--- o i
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The Accelerator Chain

~Tevatron

: Llna@&. 22N

=—"Boost r--a-f—“

J Debunc'ﬁer
Aqgumulator
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‘Fvent Reconstruction

Muon System

Coarse Hadronic

Fine Hadronic

Electromagnetic
Solenoid

Central Fiber Tracker
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